The Mannich reaction is one of the most frequently applied multicomponent reaction in organic chemistry. One of its special variants is the modified threecomponent Mannich reaction (mMR), in which the electron-rich aromatic compounds are 1-or 2-naphthol. Since one of the most important areas of application of aminonaphthols prepared via mMRs is the synthesis of new heterocycles, my Ph.D. work focused on the synthesis of novel trifunctional aminonaphthol derivatives. I therefore set out to prepare hydroxynaphthyl-substituted glycines as new α-amino acid derivatives by starting from 1-or 2-naphthol. As the newly prepared aminononaphthol derivatives contain one chiral centre, the separation of their enantiomers was a further aim. In order to extend the series of naphthoxazino-fused heterocyclic ring systems (naphth[1,2-e][1,3]oxazino[1,3]benzoxazines and naphth[1,2-e][1,3]oxazinoisoquinolines) during my Ph.D. work, the syntheses of naphth[1,2-e][1,3]oxazino[3,4-c]quinazoline and the ring-anellation analogue naphth[1,2-e][1,3]oxazino[3,2-c]quinazoline derivatives were planned. Another goal was the conformational analysis of the newly prepared naphth[1,2-e][1,3]oxazinoquinazolines by means of NMR spectroscopy and accompanying molecular modelling.
1.
Hydroxynaphthyl-substituted glycine derivatives 2a and 5a were successfully prepared from 2-or 1-naphthol, glyoxylic acid and benzyl carbamate in MeOH via a mMR in the presence of p-TSA, followed by removal of the protecting group. Acidic hydrolysis of 2a and 5a resulted in the expected α-amino acids 3 and 6. The optimized reaction conditions were extended by starting from EtOH. Benzyloxycarbonyl-protected ethyl esters 1b and 4b were isolated in lower yields as compared with those of methyl esters 1a and 4a (Scheme 1).
Reagents, conditions and yields: (i) p-TSA, MeOH, reflux, 26 h, 69%; (ii) p-TSA, EtOH, reflux, 94 h, 34%; (iii) Pd/C, H 2 , MeOH, r.t., 1 h, HCl-EtOH, 75%; (iv) Pd/C, H 2 , EtOH, r.t., 1.5 h, HCl-EtOH, 72%; (v) R = Me, 5% aq. HCl, reflux, 2 h, 82%; (vi) MeOH, reflux, 36 h, 53%; (vii) EtOH, reflux, 97 h, 27%; (viii) Pd/C, H 2 , MeOH, r.t., 1 h, HCl-EtOH, 84%; (ix) Pd/C, H 2 , EtOH, r.t., 1.5 h, HCl-EtOH, 69%; (x) R = Me, 10% aq. HCl, reflux, 4 h, 88%.
Scheme 1
2. The enantiomers of 2a and 5a were successfully separated on analytical and semipreparative HPLC columns ( Fig. 1 ). Their absolute configurations were determined by CD analysis supported by TDDFT CD calculations, which revealed that the absolute configuration of the second-eluting enantiomer of 2a was S and of the first-eluting enantiomer of 5a was S. 
3.
A new, highly functionalized aminonaphthol derivative, 1-(amino(2-aminophenyl) methyl)-2-naphthol (9), was synthetized through two synthetic pathways. The reaction of 2-naphthol, 2-nitrobenzaldehyde and tert-butyl carbamate led to the formation of nitro derivative 7. After the removal of the protecting group and reduction of the NO 2 group, the desired trifunctional aminonaphthol derivative 9 was obtained. The reaction pathway was simplified when tert-butyl carbamate was replaced by benzyl carbamate (Scheme 2).
Reagents, conditions and yields: (i) 80 ºC, 47 h, 53%; (ii) 99% TFA, r.t., 10 min, 10% Na 2 CO 3 , 90%; (iii) Pd/C, H 2 , MeOH, r.t., 1.5 h, 68%; (iv) 80 ºC, 32 h, 76%; (v) Pd/C, H 2 , MeOH, r.t., 2 h, 69%.
The aminonaphthol derivative (9) thus obtained was converted in a ring closure reaction with formaldehyde to 10,11-dihydro-8H,15bH-naphth[1,2-e][1,3]oxazino[3,4-c]quinazoline (11). The ring closure reaction of the starting diamine with phosgene and/or benzaldehyde led to the formation of new naphthoxazinoquinazolinone derivatives (12, 14 and 15; Scheme 3).
Reagents, conditions and yields: (i) 2 equiv. 30% aq. CH 2 O, CHCl 3 , r.t., 1.5 h, 40%; (ii) 0.5 equiv. (COCl 2 ) 3 , 5 equiv. Na 2 CO 3 , toluene, r.t., 45 h, 40%; (iii) 1.1 equiv. PhCHO, MeOH, r.t., 24 h, 88%; (iv) 4 equiv. (COCl 2 ) 3 , 10 equiv. Na 2 CO 3 , toluene, r.t., 6.5 h, 31%; (v) 4 equiv. (COCl 2 ) 3 , 10 equiv. Na 2 CO 3 , toluene, r.t., 8.5 h, 67%.
Scheme 3
4. Products 13a-g obtained via the condensation of 9 with substituted benzaldehydes can potentially furnish five-component tautomeric mixtures in CD 2 Cl 2 at 300 K. We succeeded in detecting three of the five components: one epimeric quinazoline (B) and two epimeric naphthoxazines (D and E, Scheme 4). The influence of aryl substituents on the tautomeric composition could be described in terms of the Hammett-Brown parameter (σ + ). It can be concluded that electron-donating substituents increase the proportion of the quinazoline form (B), while electron-withdrawing substituents prefer the naphthoxazine forms (D and E, Table 1 ). Table 1 . Proportions (%) of the tautomeric forms (A, B, C, D and E) in tautomeric equilibrium for compounds 13a-g (CD 2 Cl 2 , 300 K) with the C=N double bond, which is supported by the lack of A 2 in 17a and 17e. In 17a there is no aromatic ring, while for 17e the hindered rotation of the 1-naphyl ring restricts the conjugation. The amount of A 2 increases, while those of B and A 1 decrease as the duration of standing in DMSO becomes longer. Compounds 11, 14 and 18a-f were studied in all the configurations at the DFT level of theory with respect to the preferred conformers and conformational equilibria. The experimental NMR parameters obtained were in general agreement with the theoretical findings. The conformational study of phenyl-10,11-dihydro-8H,15bH-naphth[1,2-e] [1, 3] oxazino[3,4-c]quinazolin-10-one (14) revealed that the oxazine ring proved to prefer an envelope, and the quinazolone ring a twisted boat conformation; while in naphth[1,2-e] [1,3]oxazino[3,2-c]quinazolin-13-ones (18a-f) the oxazine ring prefers a twisted chair conformation and the quinazolone ring is almost planar (Fig. 2) . 
Reagents, conditions and yields:
(i) p-NO 2 -PhCHO, MeOH, r.t., 24 h, 13a: 77%; (ii) m-Cl-PhCHO, MeOH,X σ + A (%) B (%) C (%) D (%) E (%)
7.

Scheme 6
The experimental results were supported by theoretical calculations at the DFT level of theory. These calculations and the H,H coupling pattern of the protons in the flexible part of the piperidine ring moiety highlighted that the configuration with a twisted chair conformation is preferred for both 19 and 21 (Fig. 4) . 
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